The diffuse excessive high-signal intensity (DEHSI) findings in the T2 weighted scans of white matter (WM), besides the corresponding low signal in the Tl weighted images, are usually more evident around the periventricular regions. It is not clear whether the DEHSI should be considered as a diffuse WM injury rather than a sign of delayed maturation of the WM. Eighty nine preterm infants at the full-term equivalent age (FEA) were studied using conventional Magnetic Resonance (MR) imaging of the brain. Based on the MR findings, the infants studied were divided into three groups: the control group presenting normal WM, the DEHSI group and the group with other WM lesions. Ten newborns were not included in the statistical analysis because they presented evidence of precedent germinal matrix hemorrhage (GMH-IVH) which cannot be considered as WM lesions. Seventy nine infants were enrolled in a program of neuropsychobehavioural study follow-up until 24 months of age. Each infant was evaluated for those variables which mostly affect the occurrence ofneuropsychomotor disability. In the DEHSI infant group, significantly lower mean pH and mean base excess (BE) values were found in comparison to controls, while the mean birth weight (BW) was significantly higher. No significant difference was observed between the mean 1st minute Apgar Score, mean birth gestational age (GA) and assisted ventilation mean duration of controls and DEHSI groups. Finally, no significant difference between the parameters studied was found by comparing the WM lesion infants group to the DEHSI infants one. Our observations, together with follow-up studies, even up to school age, confirm that DEHSI has a clinical significance and cannot be considered as a simple indicator of delayed WM maturation.
enlargement (3, 5) . Another recent study (5) in which a group of PN with mean GE of 27 weeks is followed-up reports a prevalence of DEHSI-like findings increasing from 21% of infants examined within their first postnatal weeks, up to the 53% of the same infants examined in the following weeks, and up to the 79% of the infants examined when the FEA was fulfilled. It is not known whether such findings represent an actual biological injury, a normal developmental change, or an image artefact. Moreover, in other studies it has emerged that the Diffusion Weighted Imaging (DWI) can demonstrate WM anomalies in the preterm brain which cannot be put in evidence by other common MR scanning protocols (6) (7) (8) .
In a following study Counsell (9) tried to interpret the DEHSI implications by MRI evaluation of a group of 50 PN with mean GA of 29 weeks, and then by calculating the apparent diffusion coefficient (ADC) values by DWI. The ADC values were significantly higher among the newborns with DEHSI or with evidence of other WM injury in comparison to those showing normal WM. On the other hand, the investigator couldn't notice any significant difference in ADC values of the newborns with DEHSI compared to those of the infants with overt signs ofWM distress. Therefore the conclusion was that DEHSI might represent a diffuse anomaly of the white matter.
The most recent studies available have shown that DEHSI is the most common finding in the brain MR images of preterms examined (3, 5, (9) (10) . It is currently not clear whether the DEHSI should be considered as a diffuse WM injury rather than a sign of delayed maturation of the WM. Future follow-up studies are required to establish whether DEHSI could be linked to some neurological developmental deficit.
In order to answer this question, a study on PN was started at the Neonatology and Neonatal Intensive Care Unit (NICU) of the University of Medicine in Chieti. The infants were enrolled in a program of neuropsychobehavioural follow-up taken in periodic checks (3, 6, 9, 12 months) of FEA corrected age, and subsequently at 18 and 24 months of corrected age. All infants were evaluated at 24 months of corrected age. Each infant was evaluated for variables which are considered to be, according to currently available data, those which mostly affect the occurrence of neuropsychomotory disability, namely the gestational age at delivery, birth weight, 1st Apgar score, acid-base equilibrium, and the duration of breathing assistance.
MATERIALS AND METHODS

Patients
In a two year period, from February 2000 to January 2002 we studied the brains of 89 PN, 45 males and 44 females by MR imaging. The patients were selected based on abnormal findings of the US brain scans. All the PN underwent MR imaging soon after the FEA was reached. The group of infants had a mean GA of 30.2 weeks (range 25-36) at delivery, and a mean body weight of 1394 grams (range 575-2730 grams) at birth. In 78 out of89 infants the occurrence of conditions typical of low GA, such as the persistence of foetal type circulation, respiratory distress syndrome, meconium aspiration syndrome, neonatal pneumonia and pneumothorax, made it indispensable to resort to mechanical ventilation by intermittent positive pressure ventilation (IPPV), synchronized IPPV (SIPPV), synchronized intermittent mandatory ventilation (SIMV), and continuous positive airway pressure ventilation(CPAP).
The mean duration of mechanical ventilation was 12-25 days (range 1-75 days), since all the infants affected by bronchopulmonary displasia required continuous mechanical ventilation. Not one child needed mechanical ventilation at the time of the brain MR scan. MR images (Siemens Vision, Siemens, Italy) providing a 1.5 Tesla magnet field. An informed consent was released from the parents of children involved in the study. As the MR is a technique quite sensitive to movement of the patient, to avoid artefacts each scan was obtained during the post feed sleep or after mild sedation of the infant by a 4% solution of Chloral hydrate (Carlo Erba Reagenti, Milan, Italy) given orally at a dose of 30-50 mg/Kg. During the examination each infant was continuously monitored for cardiac frequency, breathing frequency, and 02 saturation. Each infant was fitted with an ear protecting device. Each infant was scanned for conventional Tl spin-echo (SE), transversal images T2 weighted fast spinecho image and inversion recovery image (IR). All the conventional SE images were blindly examined in different times by two distinct investigators. Based on the MR findings, the infants were divided into three groups: the control group (n=35), made of 16 female and 19 male infants presenting normal WM, the DEHSI group (n=17), composed of 12 male and 5 female infants, and the group with other WM lesions (n=37), composed of 17 male and 20 female infants.
Follow-up
The children were evaluated during their first 2 years of life, after the FEA, by 2 neonatologist experienced in neurology. The evaluation protocol encompassed a general neurological evaluation for the purpose of disclosing mild to severe neurological impairments. Each infant was ranked according to his clinical evaluation, ranging from normal neurological findings to severe deficits. Infants showing obvious signs of cerebral palsy, i.e. abnormal muscular tone and reflexes, were evaluated as having severe deficit (SD infants); infants showing mild impairment of muscular tone with partial obliteration of reflexes, or infants whose neurological physical findings disappeared within the 24 months of follow up, were evaluated as having mild deficit (MD infants); infants showing no sign of disability were considered neurologically healthy (normal infants).
Psychomotor and mental development were evaluated referring to the Bayley Scales of Infant Development (BSID) (11) . In the BSID the mental development and psychomotory performance of the infant are scored by a numerical index, namely the mental developmental index (MDI) and the psychomotor developmental index (PDI) respectively. The mean score of 100 ±16 SD was considered as normal. Hence we have evaluated the infants as having normal mental and psychomotory development with MDI and PDI ::::84, while the infants with one or both score S83 and ::::68 were considered to have mild deficit and the infants with at least one score <68 were considered to have a severe retardation.
Statistical analysis
Significant differencesbetween mean values of different groups were probed by the analysis of variance (ANOYA) and Student's tone-way parametrical tests. Significant differences among proportions were probed by Fisher's exact and c2 tests. Significancethreshold was set on P<0.05.
RESULTS
MRfindings
No complications occurred in the patients during or after the acquisition of the MR images, but in three infants a mild and transient increase of body temperature occurred, as already reported (12) . In 1 of the infants who required medical sedation a transient oxygen dependence occurred, while in other 18 cases a prolonged somnolence, ranging from 3 to 5 hours, was observed. Both these side effects of CI sedation were previously reported (12) (13) . Of all infants studied, 35, i.e. 16 males and 19 females, were found to have normal WM; 17 infants, i.e. 12 males and 5 females, were found to have DEHSI-like findings ( Fig. 1 and Fig. 2 ); in 37 cases, i.e. 17 males and 20 females, other non-DEHSI signal anomalies were observed. In the group of normal WM infants, 2 subjects presented a mild and unilateral ventricle enlargement and 3 subjects presented a mild enlargement of both ventricles, but no subject showed any type of parenchymal abnormality.
In the DEHSI infant group, 2 subjects presented bilateral haemorrhage of the germinal matrix (GMH), 1 subject presented evidence of a previous unilateral GMH, 3 subjects presented a minimal unilateral enlargement of a ventricle and '3 other subjects showed a minimal enlargement ofboth ventricles, but none in this group presented focal parenchymal lesion. The group of infants with signal anomalies accounted for all subjects with evident WM lesions, namely 21 cases of PVL, among whom 13 and 8 were unilateral and bilateral respectively, 5 cases of unilateral intraparenchymal haemorrhage and 1 cystic lesion localized in the left lens nucleus. In 11 out of 2 1 infant s with PVL a WM atrophy and an enlargement of one or both the ventricles was observ ed. Moreover, 10 infants showed evidence of a precedent GMH and a relat ed intraventricular bleeding. These latter subje cts were not included in the statistical analysis as GMH and IVH cannot be considered as WM lesions . The MR findings of the studied population are detailed in Table I .
MR evaluations
In comparison to the controls, the group of infants with WM lesions presented mean Ist minute Apgar score , mean pH and mean BE values significantly lower (p=0.04, p=O.OOO and p=O.003 respectively), while no significant difference was found in mean GA, mean birth weight and mean duration of assisted ventilation. In the OEHSI infant group, significantly lower mean pH and mean BE values were found in comparison to controls, namel y 7.133 versus 7.223 (P=O.02) and -8.252 versus -5.759 (P=0.018) respecti vely, while the mean BW was significantly higher (P=0.008). No significant difference was observed between the mean 1st minute apgar score , mean birth GA and assisted ventilation mean duration of controls and DEHSI groups.
Finally, no significant difference between each of the parameters cons idered was found by comparing the WM lesion infants group to the DEHSI infants one.
ANOVA tests performed between the three studied groups confirmed significant differences between pH mean values (P=0.007), BE mean values (P=0.005) and mean BW (P=0.035). These results are reported in Tables. II, III, IV and V.
Neurological outcomes
Each infant underwent two subsequent general neurological examinations, one at 1 year and the other at 2 years of corrected age. 5 out of the 79 infants did not go back to the control. 26 out of the 27 infants with MR pathological findings entered the follow up program. In this group 14 infants out of26 (54%) presented overt signs of cerebral palsy and were thus introduced into the SO group, 8 infants (30%) presented only transient motor disturbance and were therefore introduced in the MD group, the remaining 4 infants (16%) had normal neurological exam and were thus considered in the control group . In two patients seizures has occurred.
In the group of 17 infant s with DEHSI , 16 were introduced in the follow up. As was done for infants with non DEHSI anomalies, among these infant s 4 (25%) were introduced in the SD group , 6 (37.5 %) were introduced in the MD group and the remaining 6 (37.5%) were introduced in the control group . Seizure occurred in only 1 patient.
Finally, 32 out of the 35 infants with negative MR images , were followed up as planned. 4 out of these 32 infants (12%) were introduced in the SO group due to cerebral paralysis functionally compensate, 7 (22%) were introduced in the MO group and the remaining 21 (66%) were introduced in the control group. No one patient from the normal MR group experienced seizures. In the group of 26 infants with WM lesions MR findings who received a BSIO score, 4 (15%) were found to have an MOl suggestive of severe mental impairment, 8 (31%) presented mild mental retardation and 14 (54%) were found to have normal MOl; 7 (27%) were found to have a POI suggestive for severe psychomotor impairment, 5 (19%) were found to have a POI of mild impairment and 14 (54%) were found to have normal POI.
In the group of 16 OEHSI infants who were followed-up, 2 (12.5%) presented a severe mental impairment MOl, 4 (25%) showed a mild impairment MOl, 10 (62.5%) had a normal MOl; 2 (12.5%) had a severe psychomotor impairment POI, 6 (37.5%) had a mild impairment POI, 8 (50%) had a normal POI. These results are reported in Figs. 3 and 4 .
DISCUSSION
In our study the prevalence of stage 4 IVH and PVL, 13.5% and 56% respectively, was similar to that observed by other investigators; Gibson described an incidence of about 25% and 54%, respectively for severe IVH and the PVL (14) . In a study of Hack e Fanaroff the prevalence of severe abnormal brain MR findings among preterms with mean GA=30 weeks, ranged from 30% to 83% (15) . Moreover, in our study the prevalence ofWM atrophy and ventricular bilateral enlargement is similar to that found by the Hammersmith group (9) . The prevalence ofOEHSI in our sample of89 infants who underwent MR techniques was 19%. This observation is similar to that of Counsell et al. (9) . Most of the OEHSI findings we have observed were localized near the periventricular WM. In our MR scans, the OEHSI findings were overtly distinguishable from the normally appearing WM surroundings, but presented with fading features in comparison to the overtly pathological WM MR scans.
In our sample several parameters which are currently believed to be correlated to the integrity of preterms WM, such as pH, BE, Apgar 1st minute score, were found to be similar between the group of infants with overt WM lesions and the group of OEHSI infants; therefore it is quite probable that OEHSI are actual WM lesions themselves, as has emerged in previous studies conducted by MR-OWI evaluation of preterms with evidence of WM anomalies, and it seems unlikely that OEHSI could be the MR appearance of a simple WM maturation delay (3, (9) (10) .
Our results strengthen the value of cord blood gas analysis in clinical evaluation of the preterms, as it is a simple and reliable procedure in the determination of foetal oxygenation and thus allows a prompt diagnosis of perinatal asphyxia (16) (17) . It is worth to point out that the predictiveness of the cord blood BE determination is quite controversial matter due to the difficulties in standardization of a normal range of values (18) .
Association between a low Apgar score and MR findings of overt WM lesions has also emerged in our data, in accordance to the evidences available in the literature (19) . According to the AAP, 5% and 14% of the infants without cerebral palsy presented 1st minute Apgar scores ::;3, and 2:4::;5 respectively, while 1% and 3% presented 5th minute Apgar scores ::;3, and 2:4::;5 respectively; therefore neither a very low 5th minute Apgar score, which is usually associated to cerebral asphyxia, should not be predictive of cerebral palsy (20) . In other words, a large number of cases of cerebral palsy is caused by other factors other than intrapartum asphyxia. Therefore, mental deficits and epilepsy arising from perinatal injury should be associated to cerebral palsy, whose etiology in more than 70% of the cases is unknown (21) . The association of the Apgar score with MR signs of brain injury and the related neurological outcome strengthens when the score remains very low even on the 20th minute, while the cause of future disability is not clear, as the low Apgar alone does not mean that asphyxia is the main cause of cerebral palsy. For these reasons, the Committee on Obstetric Practice of the American College of Obstetricians and Gynecologists, as well as the American Academy of Pediatrics Committee of Foetus and Newborn (AAPCFN), has provided the following diagnostic criteria for perinatal asphyxia linked to cerebral hypoxic/ischemic injury (22): 1) marked metabolic or mixed acidosis of blood from umbilical artery 2) neonatal neurological syndrome (coma, seizures, hypotonus) 3) multiple organ injuries (cardiovascular, pulmonary, gastrointestinal and renal).
In conclusion, the single finding of a very low Apgar score even on the 20th minute, according to the AAPCFN cannot be considered as a reliable indicator of hypoxic/ischemic encephalopathy, even due to the marked inter observer variability in the score recording. On the other hand, the improvement of the Apgar score from the 1st to the 20th minute is generally accepted as a very reliable indicator of the resuscitation procedure success (23) . The significantly lower BW of the DEHSI infants that we have found in comparison to the controls cannot be explained due to the small size of our sample, but we can consider the role of foetal stress linked to the preterm labor which may affect the incidence of DEHSI above all among infants with higher weight.
A low morbidity/survival cannot be considered less important than simple survival rate. Hack e Fanaroff (15) have reported the wide variability in prognosis of survived preterms, with prevalence of severe disabilty (30-45%). Rijken (24) has reported in a group of 266 livebirth with GA 2:27 and ::;35 a prevalence of severe deficits including cerebral palsy, calculated on the 2nd year of correct age, ranged from the 46% to the 92% in close relationship to the GA. These data match our finding of 54% prevalence of cerebral palsy in the 26 newborns with pathological RM. Moreover, according to the report by Drillien (25) , in this same group 30% of the infants showed signs of transient motor impairment, i.e., reduction of muscular tone, reactivity and foetal attitude, which all completely faded within the first years of life. Several factors may underlie such variability in prevalence and typology ofneurological clinical outcomes, the most obvious being the differences in the degree of disability and the different lengths of follow-up periods. For example, Holtrop (26) reports good short term prognosis in 70% of survived preterms with GA ::;25 and~35, but he considers a good outcome only the absence of PVL or IVH. On the contrary, Cooke (27) observed 74% of 10 infants with GA ::;27 and~36 weeks, which developed severe disability. In our study the DEHSI group 25% of infants showed severe deficits and a 37% with mild deficits. Moreover, considering our results compared to other evidence, the preterm WM appear to be a area quite sensitive to the distressing conditions commonly associated to preterm delivery, namely the reduction of foetal WM perfusion, the glutammate mediated neurotoxicity and the vulnerability of the oligodendrocytes to the free radicals released in the cerebral hypoxia/ischemia. Regarding our evaluation of the infants by the Bayley scale, the results we have collected match those reported by Rijken in his prospectic study carried out with the Leiden Followup Project on Prematurity (24) . The small size of our sample does not allow for definitive conclusions about the clinical features of the infants described by this scale of validation, even considering that some neurological impairments of language and concentration are detectable only after the 2nd year of corrected age (27) . Though our study confirms that in FEA preterms the occurrence of DEHSI is quite frequent, an MR finding with overt features of a WM injury should be considered as a negative prognostic factor for the psychoneurobehavioural development (28) (29) (30) (31) (32) (33) (34) (35) (36) (37) (38) (39) (40) of the infant affected. Our observations, together with further follow-up studies, which reach school age, could confirm that DEHSI has clinical significance and cannot be considered simply an indicator of delayed WM maturation.
